This study aims to investigate whether neutrophil to lymphocyte ratio (NLR) is an independent predictor in newly diagnosed diffuse large B-cell lymphoma (DLBCL) patients in the rituximab era. Data from newly diagnosed DLBCL patients at Nanjing Drum Tower Hospital from 2006 to 2015 were retrospectively reviewed. We used the receiver operating characteristic (ROC) curve analysis to generate the optimal cutoff value for NLR. Among those 156 patients enrolled, the NLR was < 3.0 in 46.8% (73/156) of the patients, and the remaining 53.2% (83/156) had an NLR ≥ 3.0. Patients with higher pretreatment NLR were found to correlate with poorer OS and PFS than these with lower NLR (hazard ratio [HR] = 2.66, 95% confidence interval [CI] = 1.43-4.97, P = 0.002 and HR = 1.79, 95% CI = 1.05-3.07, P = 0.034, respectively). The multivariate Cox proportional hazard model analysis further showed that high NLR was found independently predictive of poor OS (HR = 0.40; CI = 0.19-0.84, P = 0.015) and PFS (HR = 0.57; CI = 0.33-0.98, P = 0.042). Consequently, pretreatment NLR was an independent prognostic predictor in patients with DLBCL in the rituximab era.
Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common non-Hodgkin's lymphoma (NHL) subtype, accounting for 25% to 35% of all new NHL diagnoses worldwide each year. [1] The important advance in treatment of DLBCL was the addition of rituximab, to the combination chemotherapy of cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP). Researches have shown that the new combined method provides a greater survival benefit for patients with DLBCL. [2] [3] [4] However, still>30% of DLBCL patients will become refractory to initial therapy or will relapse as a result. [5] The International Prognostic Index (IPI) was widely used to predict aggressive lymphoma patients' outcome and to choose the best therapeutic treatment. [6, 7] Nevertheless, many efforts have been made to improve the capacity of IPI, such as the elderly IPI (E-IPI), [8] the revised IPI (R-IPI), [9] the National Comprehensive Cancer Network IPI (NCCN-IPI), [10] and the biological markeradjusted IPI (A-IPI). [11] Unfortunately, these models are still unsatisfactory in identifying patients who would not benefit from RCHOP therapy. There are evidence that some DLBCL patients achieved no significant survival benefit from RCHOP compared with CHOP. [12] Herein, new survival model's discrimination in the rituximab era are in urgent need. Several considerations of such a model have been proposed. For example, the C-reactive protein at diagnosis was reported to be associated with prognosis in R-CHOP-treated DLBCL patients. [13] Watanabe et al [14] suggested lymphocyte-monocyte ratio (LMR) should be a predictor too, consistent with the previous study by Belotti et al. [15] The prognostic value of an interim fluorine-18-fluorodeoxyglucose positron emission tomography (PET-CT) [16, 17] and Beta-2 microglobulin [18] was also evaluated. However, the ideal marker predicting the DLBCL remains elusive.
Increasing evidence has shown the close link between immune factors such as chronic inflammation, immunodeficiencies, autoimmunity, and infections, and lymphoma. [19, 20] The abnormal inflammatory reaction and immune status are close to the pathobiology of lymphoma, thereby affecting the outcome of patients with lymphoma. Absolute lymphocyte counts were found to predict clinical outcome in DLBCL. [21] It has also been found that neutrophils, a common marker of body inflammatory reaction, plays a prominent role in the first line of the innate immune defense against infectious diseases. [22] Furthermore, the neutrophil-lymphocyte ratio (NLR), an inexpensive and repeatable marker that comprehensively reflect the inflammatory and immune status in cancer patients has been proved to be a significant predictor of survival in patients with diverse types of cancer such as laryngeal carcinoma, esophageal cancer, renal cell carcinoma, and gallbladder carcinoma. [23] [24] [25] [26] Whether NLR is associated with survival in hematological malignancy is under considerable research interest. In this study, we aimed to determine whether the pretreatment NLR acts as a predictor of survival in Chinese patients with DLBCL treated with RCHOP.
Material and method

Patients
A total of 180 patients with newly diagnosed DLBCL were followed up at the Nanjing Drum Tower Hospital from 2006 to 2015. Eighteen patients were excluded because pretreatment NLR and pretreatment bone marrow biopsy were not available. Six patients, who changed to CHOP chemotherapy after only 1 cycle of R-CHOP chemotherapy, were also excluded. At last, we retrospectively reviewed data from 156 newly diagnosed DLBCL patients. All data were extracted from patients' medical records by a trained reviewer. This study was approved by the Ethics Committee of the Nanjing Drum Tower Hospital and was conducted in accordance with the Declaration of Helsinki. All patients provided written informed consent.
Statistical analysis
NLR was calculated by dividing the neutrophil count with the lymphocyte count. We used the receiver operating characteristic (ROC) curve analysis to generate the optimal cutoff value for NLR. Clinical characteristics and NLR were compared by using the Pearson Chi-squared test or Fisher's exact test. PFS was defined as the duration from diagnosis until disease relapse or progression. The Kaplan-Meier method (log-rank test) and Cox proportional hazards model were used to assess the survival differences. All data were analyzed using SPSS 19.0 (IBM Corp., Armonk, NY). Differences were considered statistically significant when the P-value < 0.05.
Results
Clinical characteristics
Among the 156 patients, 40 died of DLBCL, whereas 116 remain alive by November 1, 2015. The median follow-up was 29 months (range 2-122 months). The baseline characteristics of DLBCL patients, such as age, sex, Ann Arbor stage, LDH level, and NLR, were shown in Table 1 .
Cut-off value in the NLR group
We determined by ROC curve analysis a cutoff value of 3.0 for the NLR to be the optimal cutoff point to discriminate between patients' survival and death in our study (Fig. 1). 
Associations of NLR with clinical characteristics
A total of 83 (53.2%) patients had high NLR, while the other 73 (46.8%) had low NLR. As shown in Table 1 , there was no significant difference in age, gender, ECOG performance status, and B symptoms between the 2 groups (P > 0.05). In contrast, a higher NLR was significantly correlated with Ann Arbor stage (P = 0.009), LDH level (P = 0.000), and extranodal disease (P = 0.011). Patients in the high NLR group was significantly correlated with high IPI and NCCN-IPI (P = 0.000, P = 0.016, respectively).
Survival analysis
The univariate survival analysis demonstrates that patients in the high NLR group had significantly poorer OS and PFS than those in the low NLR group (P = 0.001 and P = 0.003, respectively) ( Fig. 2A and B) . The 5-year OS and PFS in the high NLR group and low NLR group were 57.5% versus 82.5% and 30.0% versus 64.5%, respectively. The multivariate survival analysis is shown in Table 2 . On univariate analysis, age > 60 years (P = 0.008, P = 0.018), extranodal involvement ≥ 2 (P = 0.020, P = 0.036), elevated LDH level (P = 0.017, P = 0.021), high IPI scores (P = 0.003, P = 0.000), high NCCN-IPI scores (P = 0.001, P = 0.000), and high NLR (P = 0.001, P = 0.003) were significantly associated with poorer OS and PFS. However, multivariate analysis showed that, only pretreatment NLR (P = 0.015, P = 0.042, respectively) and NCCN-IPI (P = 0.013, P = 0.001, respectively) remained as independent prognostic factors.
Discussion
Although it has been suggested that pretreatment NLR is associated with survival in patients with many kinds of solid tumors, only a few studies investigated the prognostic role of pretreatment NLR in DLBCL patients treated with RCHOP.
In accordance with previous studies, the results of the present study showed that the patients in the high NLR group have advanced disease stages (stages III and IV), evaluated LDH level, high IPI and NCCN-IPI, and more extranodal involvement. [27] [28] These factors, associated with inflammation and tumor burden, were also revealed to be significantly related to survival in the present study. Based on the multivariable analysis, NLR was a predictor of survival in DLBCL patients treated with RCHOP, as well as NCCN-IPI. A similar study, conducted by Ho et al [29] in Taiwan, indicated for the first time that NLR pretreatment is associated with poor outcome; however, no statistical significance was found in the subsequent multivariate analysis. Recently, a retrospective study by Keam et al [27] concluded that NLR ≥ 3 at diagnosis was independently associated with poor OS (HR = 2.89, P < 0.001) and PFS (HR = 2.19, P < 0.001) in DLBCL patients in the rituximab era, which was consistent with our present study.
NLR at diagnosis was reported to affect the survival of the patients with DLBCL in the rituximab era. The potential mechanism remains unclear. The present study provides preliminary explanations for the association of high NLR between and poor survival in DLBCL patients. First, the emerging role of pro-inflammatory cytokines was observed in patients with high NLR, and as a result, these inflammatory cytokines may establish and perpetuate a tumor microenvironment for aggressive tumor behavior, thus leading to a poor outcome. [30] As concluded in previous studies, the elevated circulating level of interleukin-17 (IL-17) and IL-8 were detected in patients with high NLR. [31] Second, high NLR reflects relatively elevated neutrophils, which were regarded as a reservoir of vascular endothelial growth factor (VEGF), which has been found to play a vital role in tumor development and angiogenesis. [31] As expected, we found that high NLR with elevated circulating concentrations of VEGF was associated with heavy tumor burden and poor prognosis. Third, high NLR often leads to relatively depleted lymphocytes, which may manifest as a decreased host immune response to malignancy. [21] However, in the current study, no statistical significance was observed between adaptive immune cells and NLR. [27] Further investigations are necessary to provide more robust evidence. Furthermore, antibody-dependent cell cytotoxicity is the principal mechanism of action of rituximab, which may be impacted by relatively depleted lymphocytes too.
The usage of prognostic factors at diagnosis, such as NLR, to identify patients not recommended for RCHOP therapy offers the chance to improve the outcome in DLBCL patients by selecting the more efficient therapy option. In recent years, many molecular signatures have been shown to have prognostic value in DLBCL, such as TIM-3, PD-1, and E2F1 levels. [32, 33] However, molecular markers are often costly and inefficient, making them unsuitable for clinical laboratories. By contrast, blood cell count is an inexpensive and easily available measure in daily clinical practice. We assure the observation duration and the number of patients should be extended in the future.
In conclusion, we found that NLR at diagnosis was an independent predictor of DLBCL in the rituximab era and may provide additional prognostic information in conjunction with the NCCN-IPI. Further studies with a larger number of participants are necessary to validate the prognostic role of NLR in DLBCL patients in the rituximab era.
